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DITRODUCTION 

It  is  generally  recognized  that  the  inherent  balcing  quality 
of  vrfieat  flour  is  determined  by  the  quality  as  well  as  by  the 
quantity  of  its  gluten.  Although  the  quantity  of  protein  can 
be  detormined  by  Kjeldahl  analyses,  no  completely  satisfactory 
method  lias  been  developed  to  measure  gluten  quality.  The  sedi- 
mentation test  developed  by  Zeleny  (1)  is  a  valuable  physical 
approach  to  tliis  problem.  HoT7ever,  the  greatest  need  still 
exists  for  micrcphysical  and  microchenical  methods  suitable  for 
application  to  the  small  samples  available  in  the  viheat  breeding 
program. 

Attempts  to  relate  bailing  quality  to  the  amino  acid  content 
of  the  gluten  have  iiiet  v/ith  mixed  success.  The  investigations 
of  Pence  et  al  (2)  employing  glutens  v/ashed  from  17  flours  of 
widely  differing  types  and  sources  shov/ed  no  significant  differ- 
ences in  amino  acid  content  for  any  of  the  flours  evaluated, 
WBstmann  (3)?  however,  found  that  the  polarographically  determined 
cystine  content  of  vjheat  flour  proteins  v/as  positively  corre- 
lated Y;ith  loaf  volume.  The  correlation  coefficient  betireen 
protein  content  of  flour  and  extensogram  area  was  4', 82,  be- 
twwn  cystine  content  of  flour  protein  and  extensogram  area 
\^'J^  and  between  total  cystine  content  of  flour  and  extensogram 
area  was  4,92.  Miller  et  al  (4)  reported  a  significant  differ- 
ence in  the  percent  cystine  for  wheat  grown  in  two  different 
crop  years.  Differences  in  both  the  methionine  ana  cystine  con- 
tent also  were  noted  betv/oen  the  same  varieties  of  wheat  grovrti 


la  aifferont  districts,    A  positive  corrolatlon  ms  iiotod  be- 
tween douch  alxlag  tliaa  anA  percent  cj''stin0  as  Influenced  Iqt 
envlrosaaent* 

Further  evMeuce  of  the  effects  of  siaf ur  on  gluten  strongtii 
is  ftfforded  by  the  wo»k  of  Plats  (5)  an3  Sullivan  et  al  (6). 
She  woffe  reported  by  tho  lattor  suthore  eagplains  the  action  at 
oxldisincr  and  reducing  agents  on  dough  in  terias  of  their  effect 
on  thQ  siafur  llnlsacoa  of  gluten  proteins.     Pietz  (5)  foun3  that 
good  gluten,  having  a  swelling  nuaber  of  17%  had  a  nitrosen  to 
eulfur  ratio  of  1  to  0.029!Jf  talille  for  a  mok  gluteui  having  % 
anelllng  value  of  1,  the  nitrosen  to  sulfur  ratio  vms  I  to  0,01$8, 

Tim  sensitivity  of  the  infrared  spectrum  of  a  substance  to 
•ligiit  changes  in  Dolecular  structure  en^tsted  that  the  qaality 
variations  aaong  irtuiat  glutons  oigliit  bo  paralleled  by  recognis- 
able diffOToaces  In  their  spectra, .  The  present  study  vmB 
initiated  to  devolon  a  suitable  teclinic  for  studying  the  infra- 
red spectisuQ  of  flour  protein  and  to  apply  that  technic  to  a 
study  of  flour  eea^Xes  of  "voryixig  quality. 

llftSfiSUilLS  AM  mmamm 

^m  itries  of  saaploa  wui  milled  frota  isSieat  collected  for 
taie  Western  Regional  Research  Laboratory's  investleations  of 
Iwklns  quality  (7).    Origin  of  the  saaples  end  eotae  aeaeureiaents 
isade  by  the  western  Regional  Roaoarch  X*eboratory  are  suEsaariaed 
in  table  1.    other  seaples  were  solcscted  from  tib&ai^  cheats  which 
have  bMBi  evaluated  W  the  Federal  Hard  Wheat  Quality  Laboratory, 


3 

Oluten  urns  obtained  fron  those  sanplos  liy  a  suitable  tochnie  (8), 

fable  1*  Charactorlstics  of  flours  from  «!ilch  glutons 

CEZ^INSIC  tod  • 

mKmmsmmmmmmmmmimmmmmmmmmmmmmtmmmmmt^^ 

t  II  Pjpotoln  t     Loaf    t  Specific 

«  I  »      flour    gluten  t  voIudq  t      Sodl- 

White    Baart         v^ash.  9,3        05.5  "■  "-S-  


0o«n8         lollAiift  9*0  85.9  1245  3,7 

TwkQy       Kansas  13,2  33^8  1360  5»6 

Red  Chl«f  Kaaitti  10,2  8l*6  looo  3*1 

Has       Pr^aisT     S,  0al^.  Ut5  34,3  1205  3,4 

R«d 

l&uraia    Pentad        Dakotas  11,4  77,1  690  2,6 


Jhitial  attesipts  to  observe  th©  spoctrum  of  cjluton  samples 
war©  aade  usijag  films  evaporated  cat  plates  of  silver  chlorld*, 
A  10  percoat  sodium  aallcylate  Golution  mm  triad  aa  a  suspending 
aadlum  for  tho  gluteni  but  tms  discarddd  i^on  it  appaaf^  that 
Goagulation  of  th©  glutan  ooourrad  upon  svaporation^  Baking  a 
tUm  with  a  cyamilar  structure  whleh  waa  relatlvoly  opaque  to 
in^arod  radiation,    !2he  laost  satisfactory  fllaa  wara  psp«pa»«d 
by  placing  a  aaall  aaouat  of  the  glutaa  suspaa^ad  in  0,1  H  acetic 
aeM  on  a  plate  and  ovaporating  tha  suspandlns  laodium  over  a 
sodluni  liydroscida  solution  (10  peroant  relative  hunldity),     la 
order  to  obtain  thicdEar  f ilnis  tiiis  prooaaa  was  ropaated  as  often 
08  neaaaaary, 

fha  lapaparation  of  sluten  f  How  vaa  abazslonad  in  favor  of 
tho  eeOI  tachnlc,  which  has  baan  found  to  ba  satisfactory  both 


4 
tern  the  staMpolnt  o£  na."         .ing  tlio  gluton  la  Its  original 
coalition  aa3  obtaining  aan^^lGS  of  miff icient  iafrar«4  trans- 
parency.   Kiis  iasth£>d  iias  too  aaaitional  advantasQ  of  provlsSlog 
bettmr  control  ovar  tl»  aawont  of  jmtorial  placod  in  tli©  radlatloa 
1mm  Pw\  i»  podsiblo  using  f  ilias  eiraporatod  iT(m  solution,    Tb^ 
preparation  of  tlio  laoU  involved  lalrtng  a  \70lch«a  mBomt  of  60- 
am^  dry  gluten  pooSor  with  a  weighed  aoount  of  liujol  In  a 
jaojptar  for  a  fow  minutes.    A  drop  of  this  alacture  ms  placed  o& 
a  rock  salt  plato  on  vi^ieh  a  cjotal  spacer  \ms  laid.    Another  rook 
gait  plate  «aa  placed  on  top  and  the  plates  were  daa^ped  to- 
ge^bkcjr  \7itii  a  brass  iioldor.    It  was  fouad  uains  this  laethod  that 
for  sufficlont  concentration  of  gluton  In  the  milli  the  eaopXe 
ms  too  opaque  to  permit  accurate  iseasuroKents  of  tfie  optical 
deaaltyj  even  Titian  colls  of  capillary  tiiicisaaeas  Tswre  oaed.     i'ite 
gluten  in  the  mil  also  tended  to  aettlo  out  as  soon  as  stirring 
Has  stoppodj  so  tlrnt  it  irae  difficult  to  obtain  saaples  of  con- 
sistent concentration,    Since  it  mts  thought  tliat  tJMi  ©pwjity 
of  the  saa^aiea  wta  <MRts«d  by  the  relatively  large  else  of  tl^ 
partlxisXes  of  gluton,  a  aaall  ballHalU  using  glass  balls  was  con- 
structed, ajxl  the  saEplos  milled  until  the  partlclo  si»«  «Mi 
considerably  reduced,     Thfe  optiraua  tloe  of  nilllng  i^earod  to 
be  48  boiirsi  as  evidenced  bgr  the  tendency  for  the  gluton  to  aa- 
here  to  the  ^mlX3  of  the  boll  mill*    Boisrevery  It  ma  noted  that 
different  saaplos  of  gluten  took  different  longtijs  of  tiae  to 
be  roduced  to  Ute  same  state  of  division* 

Ball  milling  of  the  gluten  onabled  oolls  to  be  made  ^ich 


ve79  con5lclQra1a0.y  loss  opaque  tiian  the  unoiXled  sainpled*    T}roabX« 
mm  ctm  QniCotmt«s3«d  due  to  the  settling  of  the  tJOBder  in  tht 
oil.     In  order  \Xi  axxavaai;o  zixiB  difficulty  a  siukstooco  of 
hlfhor  viscosity  was  scfught,     tSlte  sioct  satisfactory  veJiiclQ  ^ms 
Vii8«lin0|  vihich  exhibits  a  speetnm  quito  siMlar  to  that  of 
iiujol  ercdpt  for  two  aaclitional  IsoMs  at  13.67  and  13,61  niorosi 
«3i.icli  do  not  appear  in  j^^ol,    Sinco  no  absorptions  in  the  glutan 
ymf9  found  beyoal  9.6  nlcronsi  this  ^iA  not  offer  any  diffioultios. 

SKMncr^Bttnt  of  tlie  optical  dmisity  of  glutan  in  the  region 
of  3*^3  and  3*!^  nicrons  was  inaccurate  beecuise  of  th^  intense 
d-H  absorption  bands  of  the  vaseline  at  these  positions*    In 
order  to  oako  accurate  mimaafmimtB  in  tl^-ls  region  a  vohiole  «sa 
meded  tAdeh  had  no  cuil  absorption.    The  fluorlae-substituted 
hy^urocarbons  are  siiitable  for  tnis  purpose »  and  aro  reasonably 
transparent  out  to  5.7  aicrons,    the  raster ial  used  In  this  ij>. 
wstigation  i»s  perfluro-lubrlcant  KX»512,  laaimfactured  by  the 
0u  Pent  Cheinieal  Oawi^Bgr* 

Spectra  of  the  sasqsles  were  run  fpoD  2.5  to  14.0  mierons 
on  a  PerldA^Blisar  iSodel  12.»B  speetroiaster  oodif led  for  autoioatic 
reeor<diilg  iQr  the  addition  of  a  Gonoral  Hotors  ^raaker  ee^if  ier| 
and  ft  X>0id«  m/k  Sorthrup  Speedosmsc  recorder.     In  tliis  instnanttit 
taui  Infrared  radiation  passes  through  the  sawple  cell|  is  ais- 
pMPsed  by  a  rock  salt  prisn,  and  a  aarroir  band  of  tiie  spectrun 
tSasi  p8>Qdtteed  is  focused  on  a  theraocouple.    A  block  diagram 
(Pig,  1)  aiious  toe  arraixjoacnt  of  tlio  recording  system.     She 
th«P£»couple  output  is  anplif led  ouff icisntly  tx^  tlio  l»;>eak«r 
aa^ifier  <A)  to  operate  tho  receding  potentioaietffir  CB),    Tim 


' 

cc 

1          ^\ 

o 

> 

r 

^    /       \^^/ 

f»>AAyvJwv^Vvvv*»wA- 

-1 

< 

qCq: 

^u 

<t 

UJ_J 

(£0. 

(D5 

< 

I 

o 

1- 

si 

V) 

UJ  2 

-I 

^ 

1 — '    tc 

^\1} 

bj 

^> 

sc 

<  c 

oe 

PECTRO- 
METER 

1 

(/) 

CC 

lli 
u 

UJ 


I 


o 


•a 
o 


7 
mm^jng^  dSfon  &f  the  sp@«tro£:^t&r  is  driven  by  a  ciotor  (C)  in 
stQp  vlUi  t5s6  Ghssft  of  nm  po tout ioEKi tor.    fhm  ^»  potontlocsetoa? 
!i3U»t8  tlsie  transMttoa  iiiton£3lty  vs.  dnm  setting,    A  nam.  on  tbs 
wavolcmgtli  dyivG  simTt  closos  a  switch  ovory  ono^tontli  revolution 
e«i»S2jg  fiduciary  msk&  to  be  la'caucoa  on  tlio  recopdlng. 

To  CQjigKjnsate  Tor  absorption  of  tl50  voIiiclQ  usoa  in  tho  raillj 
too  osarvtts  weofo  nm  on  tbd  saiae  eliart,  ono  rocording  th^  d9« 
flection  ^ih0&  a  122II  of  gluten  assi  viussliiifl  mui  ia  tlie  boan^ 
aM  til©  otbar,  the  aon.0ction  of  th©  potontionotoi*  vdi«n  e  cell 
©caitainine  puro  vaoolino  was  in  the  beam.    Ttm  two  curves  ^rare 
aliG33fi<i  Ijy  laeaiss  oT  tiia  reforQaoe  mxkM  mxX  optical  aonsity  (soo 
kppmidiXf  p.  ili)  couia  thus  be  calculated  for  oaay  mvelongth 
(airsotly  froa  tho  chart. 

Despite  th<i  JfTJiffovimBt  in  tran&£:iission  of  the  saa^lcs  due 
to  ball  mUlingi  A  i«B^c  of  mifficidnt  concentration  to  nhm 
upre  than  the  most  intense  abaorption  bands  proved  to  have  an 
©ptical  density  too  iii^h  to  masnre  irith  any  degree  of  accuracy, 
aSioroforc  a  divllcr  ims  constructed  to  radnoc  tiic  doflcction 
mti^Si  tha  bacilli' c-LX;  au:;crptioa  curve  «as  being  rua|  and  allow 
larsor  deflection  for  the  8e£iple»    tSils  divider  consisted  of  four 
93Wiei3ion  rssiotors  eaeh  having  tho  sam  value  of  reaistanco* 
Sbt  fcwp  resistors  mre  ecameetod  in  series  across  tlie  output 
aC  tlie  breaker  aai^lifior,  as  shown  in  Fig.  1,    By  laoans  of  a  tap 
«witch|  connection  coold  be  made  to  feed  either  all,  3/4,  1/2, 
or  1/4  of  the  outimt  of  the  aesxlif is?  into  the  recorder,    mmk 
calculating  the  optical  density  of  a  curve  run  using  this  device, 
it  «ft8  only  necessary  to  add  a  constant  factor  ii9«aaiins  upon 
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tarn  fraction  at  ^ilch  the  divider  WiB  sot, 

aeaid»ation  of  a  smmber  of  easusisaraiKatte  on  a  single  sstmplQ 
of  gluton  shoi»od  consMorablo  variation  in  optical  density  fyoa 
carve  to  curvo.     This  variation  w»s  thought  to  bo  aiao  to  tho 
difficulty  of  reproducing  e«3,l  tliieteass  using  th©  4«Beiantalja;« 
o$ll  holder  dtscBlbed  previously*    A  cell  mis  constructed  iliii^ 
cot2M  be  filloa  and  sanples  changed  \?ithout  diftssmtlin^.    thia 
«onsistod  of  two  rock  salt  plateo  clasped  securely  together  l>0» 
tueen  1/4"  brass  platoo*    lEhe  salt  plates  war©  soimratod  by  a 
0,1  am  alunlnuR  STmeer^  «ftii^  mm  fefcied  In  tm  pieees  to  allov 
entrance  and  exit  passages,    A  channel  arillod  in  the  entranee 
sjdc  of  the  spacer  ollowec!  liisertioa  of  a  hypocleriaic  needle  j 
\sMi8h  tsas  sealed  In  place  with  laboratory  -mx,    9y  use  of  a 
hypotterrrdc  syringe,  the  cell  co'ilu  bo  filled  tritli  the  nail  of 
gluten  and  vaseline,  or  es^tiod  by  flushing  "Jltli  a  solvent,    Jhi« 
oeH  wm  used  for  all  laeaaareDenta  beyond  6,6  microns.    HovTevorf 
in  the  region  bolo^  6,6  £3icronS|  the  dociountable  cell  vms  used, 
because  a  thinner  spacer  vias  necessary,  aiKl  because  of  the 
difficulty  of  finding  a  suitable  solvent  for  the  perfluro- 
lubricant  used  in  this  reslon. 

Aaino  Acid  Spectra 

The  speetra  of  dl-j:nethioniae|  l«cystine,  1-cysteine 
hydrochloride,  and  a  polypeptide,  glutathione,  are  shoi^n  in 
ftg«,  2  and  3.    Bmsplm  were  pitMp&md  by  milling  0,5  g  of  the 
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WAVELCNOTH   IN    MICRONS 


Fie*  2*  Infrorod  spooti^  of  Dothionix^,  cystolno 
tV^POetOorldi^  flntettxIoQOt  cystine,  and 
A  9^]rooonts%i9i9  g^lxitan,  fs^o^  2.5  to  C 

■III  cms. 


3L0 


AJ.ISN3a     HVOIidO 


crystalline  substanco  In  2?  drops  of  ^Jol,     The  spoetptun  of 
e:/stino  is  in  good  aiVMiBiiit  vith  that  publisltod  tqr  VHl^t  (9)y 
and  6<m  be  diatlrtgaiiriyri  from  the  spodtrum  of    dl-cystiiie*     fb» 
spoctran  of  cystoiao  hytlrocliloride  froia  2«5  to  9*1  ciicrons 
afTOOS  closely  v/ith  tlictglvon  oy  fSanSall  ot  al  <10), 

Slao  Q'-n  £tro  tolling  froqu^m^f  nl^i^  vouia  bo  ox.  cctcd  (U) 
to  oBXUse  absorption  at  3,93  £iicroii0  urns  not  obcorvod  in  tho 
cystoino  bydroeliloricle,  but  a  band  of  oodarato  intensity  app^rs 
at  this  position  in  the  glutathiono.     It  had  boon  lioiKSd  that  an 
:i         -tion  of  the  sulfur  content  of  tha  sluton  saaplos  could  ba 
obtainod  usin^  this  absorptioni  but  tha  low  intimsity  of  tlia 
band  I  avian  in  sajaplas  in  ^ich  the  ooncontration  of  the  linka^a 
is  hJ^h,  would  seen  to  rule  taut  this  possibility. 

Oluton  Spectra 

SIhe  apaotra  of  sMiplos  of  c^uten  ti^eatad  t7ith  oxidising 
moA  jraducins  agents  ware  run  froia  2,5  to  14  aicrona.     One  percent 
glutan  solutions  in  C*X  I^  acetic  acid  ^ra  traatad  with  0«11  og 
of  sodiuis  sulf  its  or  0«125  m  of  potassius  iodata  and  tiXm  iwra 
prcparad  fron  botli  treated  aad  untraat*^  Clutons.    Iheso  troat- 
jBonts  cousad  no  clmnge  in  position  of  any  of  the  abaerption 
bands*    A  sat  of  aai^^aa  tvaatad  with  five  tiinos  as  ciuch  oxidizing 
or  radiioing  agent  iias  praparod.    Again  no  diffaranca  ww  obsorvad 
bet«««ai  the  spectra  of  the  treated  and  untroatefi  saisplas,     Xt 
coul(3  not  ba  deuer^iiaau  if  there  was  any  clmnge  in  intensity  of 
the  absorptions  observed,  baoanse  of  the  difficulty  of  preparing 
solid  filEjs  of  constant  thiciaieos.    For  this  reason  further  !»• 
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voaticjation  iBas  Xiialted  to  samples  prepared  by  tho  caill  t«c2mic« 

Hhs  epectara  of  t!io  glnte?ss  dencribod  in  Table  1  are  shoism 
In  Figs,  4,  5|  6  waA  7$  aad  oao  cijrv©  is  iaciuued  lu  Figs,  -  end 
3  for  ooiaparlscai  v;ith  the  spGctra  of  puro  amino  acMs,     It  iji 
uppa^nt  t^t  tew  of  ths  absorptions  of  the  pure  amino  acids 
eppeas*  at  tSuQ  scae  positions  in  tho  gluten.    At  the  S-H  streteh** 
ifig  frequancy  there  is  no  indication  of  an  absorption  bandj  and 
altb0U|«h  a  difference  in  the  absorption  exists,  it  is  not  large 
enou03i  to  be  statistically  significant*     Jlo  absorptions  were 
ob£>o^'ved  in  the  gluten  »aii^«8  from  11*0  to  14,0  miercms, 

Tentative  asaignoents  of  tlie  varioiis  absorption  bands  are 
given  in  Sable  2,  together  v/lth  tI:to  specific  laaterial  on  the 
apectra  of  tJhich  the  asslgaaeat  xmn  based.     In  Sable  3?  tlio 
optical  desisitios  oi'  tlic:  jlutoiis  ai-Q  iictod,  togetaer  x^lth 
amabors  indicating  thoJr  rolativo  optical  densitio£3  at  th» 
absorpticm  bands  recorded  in  ftxble  2,    GonaMerable  differenee 
in  optJeal  densitj^  exists  aiiiong  slntens  at  t}'«e  3«03,  3.42,  6,08| 
and  6,52  raicron  absorptions,     these  differences  rermln  if  tlKj 
I-H  absorption  at  3^03  aileroos  ia  adjusted  to  be  proportional 
to  the  protein  content  of  the  sample.    Although  the  differences 
batusmi  aaoples  beyond  7  aicrons  are  not  statistically  significant 
at  "^  5  percent  level,  it  is  possible  tliat  furtlior  cxjastiresenti 
In  tliis  region  wuld  reveal  definite  differences.    'Bm  laijor 
aaxsaea  of  error  in  s»a8ttr«»ents,  ineliidins  cell  thickness  and 
saai|>lG  concoiitration,  are  such  as  to  canse  a  constant  error  in 
th&  ease  direction  over  the  entire  region  of  the  spectrum,    thus- 
if  thQ  optical  densities  of  all  the  sae^es  are  adjusted  to  be 
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1?ablo  c. 


^      TontativQ  asslgnmats  of  inf^arod  absorption  Ici 
gluten, 
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imvelensth  i 
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%  uubstanco  analysed  and 
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3,03  A/:;iae  H-H  strctcMag  (12) 

3,42  C-H  stretching     (12) 

6,08  C»o  etrotching 

6,^  S«B  bending 

7*0?  (MI  binding 

7.58  tJnassisJiQd 

3»06  CM)  stretdhiz^ 

8,62  C«H  bouiias 

9*24  CUCas  stretolilng 

9.5*0  Unassigaod 


(13) 

(12) 
(18) 


Tyrocidins  (3,05/<) 
Syipocldlafi  (3f30/<) 
Uovliis  ooma  olbuMn  (6.0?/<) 
Solialne  (6,45>) 
Cytochroae  c  (7.05/*) 

Glycine  (B.OOy^) 

Bovine  ^s^ua  albimlii  (8.6(^) 

Salnlne  (9»30/<) 
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Vm  mm  at  7,?3  aicrons,  tha  dlff«ff©«ces  at  9.?0  sicro«8|  Sttf 
etQ«HS  of  l3«HMa«g  loss,  as  night  b@  expocted    if  tdtwy  a3PQ  du« 
to  theco  causae  >  actually  bococjs  greator', 

A  noticablo  difforeaco  in  the  appoorajac^  of  tlia  curves 
Qxists  at  about  9. 50  aicrons.     In  this  region,  Pont^  ona 
!rurk<3y  slut«i!Ui  *pp«ar  to  have  an  absoj»ption  \fhicli  is  not  prosont 
la  ttoo  other  saaples*    5W5  ottser  glutens,  daseribed  in  fable  4, 
woro  fou»i  to  a  if  far  in  tiiis  saoe  Bjajmer,  "s^ith  Khas^ioC  having 
the  iiighor,  and  Chiefkan  the  lamr  optical  density  at  9*9> 
©iOTons^    !Ehelr  densities  "mofm  th®  smm  at  10.23  and  9A  alcroaM, 
SlM  m-gJiaMft  difforonco  in  optical  density  bat«9«a  tiiwic  tm  ms 

Table  4.    Description  of  gluten  saaplcs  having  dlfforont  opticaX 

aciii^itios  at  9.^0  sicrons.  _____ 

s  iTotoiii     i  i 

Varioty  a  percent     t     i^ocation  grov^n  tX*oaf  volupe  co 

Kha3?l£of  16.6  ITortli  Piatt©  S81 

Chiafkaa  16.7  Horth  Platte  768 

HtmA  upon  tlw  <lAta  in  Tabla  a  and  the  curves  pr«Bi«&tod  in 
Figs*  4,  5,  6  and  7t  it  is  ppobabl©  tliat  differences  in  the 
speotm  of  glutens  do  exist.    Bowover,  since  differences  art 
aaaXl,  great  car«  miat  be  taken  in  preparing  Marios.     In  ai^ 
•fries  of  easiplos  tlie    quantity  of  gluten  should  be  adjusted  to 
give  the  satae  equivalent  protein  concentration  in  each  sazsple. 
This  \?ould  decrease  variations  of  optical  density  due  to  this 
faetor  and  laeke  awfo  ovldont  those  duo  to  quality  differeiMJos. 

A  f«etor  ^hiah  ^as  not  tasan  into  account  in  this  \.ork,  Init 
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which  mast  be  consldorod  If  precise  quantitative  laoasuresents 
aro  to  be  bmuS«  Is  the  aiaount  of  radiation  scattered  froa  the 
particles  of  the  eaiapXe.     This  scatterln,';:  varies  A?ith  the  voluiaei 
ehape,  aj^  liiiox  of  refraction  of  the  particlos,  and  with  the 
mtveXength  of  the  radiation.     It  weta  aosut&od  in  tl^iis  work  that 
the  particles  of  the  various  aafipXes  were  identical  and  that 
effects  froffl  this  cause  could  be  ignored, 

Spoctra  of  several  azsliu^  acids  f  and  samples  of  gluten 
tnashed  from  flours  of  widely  differing  characteristics  were 
run  from  2*^  to  14  cicrons*    Assigataents  of  sooe  of  the  ab- 
sorption baais  in  the  gluten  are  given,  and  the  differences  of 
the  si[>octra  aaoag  glutens  are  noted.     It  was  concluded  that 
differences  do  exist  aaoag  the  spectra  of  glutens  froia  various 
flourSf  although  further  invest  ligation  is  required  before  any 
8tat«aent  can  be  laado  relating  these  differences  in  spectra 
to  aiffer«i»«9  in  the  baKlog  quality  of  the  flours* 


the  e^mrona  aaaistano©  anfl  constructive  critlcisa  given 
txst  ^^  Stuart  1*  HilteofflS)  and  Or.  Byron  S.  miler  diurins  th« 
courso  of  this  resoorch  aro  gratefully  acknov/lodgod. 
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onmm  op  ihfiubsd  spsctha 

Atoos  of  a  j3ol ocular  substance  are  bou»i  together  by  foro©« 
of  an  elastic  nature ♦  Tims  ishea  tho  laoloculQS  aro  dlsturboU  by 
external  forces,  such  as  oloctroejagnctlo  radiation,  the  ato^ 
vibrato  about  tiiQlr  equilibriua  positions  v/itli  froquoncias  ithidh 
havo  been  fouacl  to  lio  In  tiys  nolchborhoocl  of  10^*"  to  10^*  pes* 
socond*  Since  the&e  fr6(|a«iioi«i  sro  of  the  siuae  order  of  amf^nM 
tiKlo  OS  those  of  infrar©c2  radiations  «©ffle  intoraction  raicht  be 
•xpeeted  between  tho  tv?D.  It  is  found  that  thoso  laolocular 
vibrations  \5hich  proiucc  a  ciianso  in  the  dipolo  moment  absorb 
radiation  of  the  ease  frequency  as  the  vibration. 

Ttm  vibrations  of  simple  aoloculos  can  be  accurately  pre- 
dicted from  thoorotieal  considerations  if  the  aolecular  dinensions 
and  lnter-ato£ilc  forces  are  lcno\m,  lio^-evor,  in  the  case  of 
coffipXex  Bsoleoules  the  aatheoatlcal  treatment  beeoiBes  prohibitively 
difficult. 

In  spite  of  the  difficulty  of  predicting  eoapletely  the 
vibrations  of  a  ooleeulei  lauch  inforroatlon  can  be  gained  fro© 
the  observed  I  and  theorotically  explained  fact  that  certain  atonic 
linkages,  such  as  C-H,  B-II,  otc,  alwaye  vibrate  at  approxljaately 
tlio  smm  frequojicyi  rocardless  of  the  rest  of  the  aolecia©  to 
which  they  are  attached.  Thus  the  prosonco  of  such  lix&«ge« 
Bay  reasonably  be  inferred  froa  the  pr«»8ence  of  the  corrosponding 
absorption. 

In  order  that  a  particular  atomic  llnkaee  give  rise  to  an 
infrared  abeorption  at  a  frequency  which  is  substantially  constant 
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froD  laolocule  to  molocule,  it  is  nocessary  that  olthar  the  bonfl 
stroxieth  03?  th«  laass&s  involved  bo  considerably  different  iron 
those  in  the  rest  of  the  sjolQctilo.    thus,  vibrations  involviag 
hydrogen,  or  heavy  eleia^ts  »ttCh  06  sulfiir,  phosplioruS|  and  ttm 
halogens,  axd  those  involving  double  mid  tripX©  bowds,  are  likely 
to  occiip  vfitliin  narrov?  ranges  of  wavelengtli. 

On  the  other  haM,  vibrations  involving  C«C  bonds,  C»0, 
C*.H,  ani  the  lil:e,  where  the  constituontw  are  of  cinUar  imsUf 
are  extreiaoly  subject  to  shiftins  due  to  adjaoent  elements, 
and  thus  tiw  eooplete  spectruc  of  a  coBpound  furnishes  an 
llentification  Tsliich  is  very  sensitive  to  cliangee  in  laoXecolar 
structure. 

She  relatiozsship  betiSKien  incident  and  transmitted  radiation 
traversing  an  absorbing  aodiusi  is  Lambert-Beer's  laT?,     This  i0 
«tat«d  as 

I  =  v"''"'' 

fh«re  X  is  the  intensity  of  the  incident  rail iat ion 

I  is  the  intensity  after  traversing  a  distance  x 

k  is  a  constant  dependent  upon  the  wavelength  and  the  aaterial 

c  is  tJie  concentration  of  the  absorbing  aedium 

This  relationship  has  been  shomx  to  hold  reasonal^y  well  in  the 

infrared  region  of  the  spectrua  in  the  atoenoe  of  intoroolecular 

forces, 

^  taking  the  locarithta  of  the  above  expressions 

a  (juantity  knewa  as  the  optical  density  for  a  particular  imwleneth 
is  obtaiiwd.     If  two  or  sore  absorbing  jaaterials  are  present  in 
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thQ  boon  the  total  optical  density  is  the  mm  of  the  Individual 
optical  densltios, 

^t  '  ^1*^^1  *  ^2<^2^^  (^> 

to  obtain  0^  It  Is  neeessary  to  pass  a  I^aown  Intojislty  of 

radiation  I^  tdiroagh  a  sample  ami  mmmsre  tha  transttltted 
intensity  I,     In  neaourlng  the  optical  density  of  a  liquM  or 
gas  the  transmitted  Intensity  tJlth  an  eapty  cell  in  the  beara  can 
be  tased  as  I^.     In  ntxttrlng  the  absorption  of  a  dissolved  sub- 
stance, or  aixturo,  it  is  necessary  to  take  Into  accoimt  tlie 
abaorption  of  the  solvent  or  vehicle.    The  aethod  by  ^hlch  this 
is  done  is  sh6«i  in  Fig.  8,  where  I^  i«  the  incident  radlatloni 
I^  the  aoDimt  tranflisltted  by  the  vehicle »  and  l^  tlmt  trans* 
laitted  by  the  vehicle  and  saiaplo  toc«ther,     T!iu8  the  optical 
density,  D^,  of  the  vchlclo  ia 

Mid  Optical  deasity  of  tlie  saaplo  plus  vehicle,  Dja,  is 
log^ 

but  from  (1),  the  optical  density  due  to  tlie  sa£Q>Is  sloDe,  I>f| 
is  given  by 


log  ^  «  los  ii 


«  log  II 

sums,  it  is  posslblo  to  laeasuro  tho  Intonsity  transoltted  by  the 
ir«hlttXe  alone  and  use  it  as  the  incident  radiation. 
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IncidGnt  radiation 


Vehicle 


Vehicle  4.  sanple 


h        h 


Zero 


Fig,  8,     Ifethod  of  measurement  of  optical  density 
of  a  caill. 
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Staples  of  gluton  obtained  from  flours  of  wSdely  vmrylr^ 
baking  characteristics  mire  subjected  to  infrared  analysis.  A. 
teehnic  for  obtaining  tiie  spectra  of  dry  sluten  pov/dora  wa 
dovelopod.  Gpoctra  of  the  saapletfi  mof^  given  frtai  2»5  to  ll.O 
tticrons,  in  v^Odh  statistically  significant  differencen  In  th» 
absorption  vwro  observed  at  3.03  ralcrons,  3.^2  nicronS|  6,08 
Microns  and  6,^2  nlcrons,  ana  an  a'^T^arent  difference  at  9.50 
microns.  Tentative  asaigaaents  foi*  soso  oi*  the  abaorptica  baiiii 
««re  given. 

It  teas  concluded  tMt  differences  do  exist  aiaong  the  spectra 
of  ^ut^is  trom  various  flovtrs,  although  further  investleatlon 
Has  required  before  any  statsi^tent  Hculd  be  ciade  relating  thes» 
differences  in  spectra  to  dlfforcncos  in  the  baking  quality  of 
the  flours. 


